Novel self-emulsifying formulation of quercetin for improved in vivo antioxidant potential: implications for drug-induced cardiotoxicity and nephrotoxicity.
Quercetin (QT) was formulated into a novel self-emulsifying drug delivery system (SEDDS) to improve its oral bioavailability and antioxidant potential compared to free drug. Capmul MCM was selected as the oily phase on the basis of optimum solubility of QT in oil. Tween 20 and ethanol were selected as surfactant and cosurfactant from a large pool of excipients, depending upon their spontaneous self-emulsifying ability with the selected oily phase. Pseudoternary-phase diagrams were constructed to identify the efficient self-emulsification regions in various dilution media, viz., water, pH 1.2, and pH 6.8. The ratio of 40:40:20 w/w, Capmul MCM:QT (19:1)/Tween 20/ethanol was optimized based on its ability to form a spontaneous submicrometer emulsion in simulated gastrointestinal fluids. DPPH scavenging assay showed comparable antioxidant activity of QT-SEDDS to free QT. QT-SEDDS was robust in terms of stability against short-term excursion of freeze/thaw cycles and accelerated stability for 6 months as per International Conference on Harmonisation guidelines. A fluorescent dye-loaded SEDDS formulation showed rapid internalization within 1h of incubation with Caco-2 cells as evident by confocal laser scanning microscopy. QT-SEDDS showed a significant increase in cellular uptake by 23.75-fold in comparison with free QT cultured with Caco-2 cells. The SEDDS demonstrated ~5-fold enhancement in oral bioavailability compared to free QT suspension. The in vitro-in vivo relation between in vitro Caco-2 cell uptake and in vivo pharmacokinetics of QT-SEDDS showed a correlation coefficient of ~0.9961, as evident from a Levy plot. Finally, QT-SEDDS showed a significantly higher in vivo antioxidant potential compared to free QT when evaluated as a function of ability to combat doxorubicin- and cyclosporin A-induced cardiotoxicity and nephrotoxicity, respectively.